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THINNINGS.

Thinnings are made in crowded even-aged stands in order to concen-
trate the productive power of the soil in a few best trees, accelerate their
growth, and in this way shorten the time necessary for them to reach
maturity. Since only the smaller or defective large trees are removed,
the mature stand eventually consists of large well-developed trees. In
the natural process of thinning the elimination of the weaker specimens
takes place too slowly for the best development of the stand. (Plates
IV; XVII; XXVIIL.) In the struggle for light and food both the sup-
pressed and dominant trees suffer. A certain amount of crowding, how-
ever, is necessary, particularly during the period of rapid height growth,
to develop long straight stems reasonably free from knots in the lower
logs. (Plate XVIL) Thinnings, therefore, should be light during
the period of rapid growth in height, and should be largely limited to
removing the knottiest trees. After the clear length of stem, however,
has been developed (see Table 15) thinnings should be heavy in order to
favor the rapid development in diameter of individual stems, the diame-
ter of the tree has an important influence; not only on the amount of
material in it but also on the high value of the lumber which is ob-
tained from it. (See page 120, and Tables 59 to 64, and 71.) It is
commonly held that when the larger trees are removed as they come to

. merchantable size, the smaller trees left will begin to grow fast. Such

a thinning may be of benefit to the stand, but not to the same extent
as thinnings of the small trees; by thinning the small trees not only a
larger amount, but a higher quality is secured.

It has alregdy been noted (page 42) that loblolly pine exhibits with
age a progressive increase in its light requirements and a corresponding
decline in its capacity to endure crown compression. (Plates IV; XI.)
This decline is especially marked on the dryer sites. (Plates III, and
XXYV.) On good sites one effect of this characteristic is that in middle-
aged stands, 50 to 75 years, the suppressed and intermediate trees and
even such codominant trees as have endured prolonged crown compres-
sion lose their capacity to recover rapidly or even at all after their
crowns are freed; on dry sites this inertness of the dominated classes
extends to much younger trees. The relative tolerance which the domi-
nant trees of different diameters and on different quality sites exhibit
as expressed by the demands of the crown for light, is shown numeri-
cally by the index of tolgrance (Table 78) which is the ratio of the sur-
face of the crown space to the area of the surface of the stem of the tree
inside the bark. (Plates XXIV; XXV; XXVI; XXVIL)

On account of its comparative intolerance of shade the natural thin-
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ning which takes place in stands is rapid as is shown by the decrease in
the number of trees per acre (Table 42). (Plates IV; XI; XV.)
Stands of loblolly pine consequently are less benefited by artificial thin-
ning than those of such species as endure more crowding and in which
the struggle of the individual trees for supremacy is more prolonged.
Stands of this species on good sites (moist so0il) are most responsive to
thinning (Plate IV); those on dry sites are less responsive (Plate IIT).
On very wet soils thinnings increase but little the growth of the remain-
ing trees and for this reason are hardly justifiable.

Since the power of recuperation of the intermediate and suppressed
trees decreases with the age of the stands and with the length of the
period of overcrowding, thinnings in old stands which have never been
previously thinned, must be entirely limited to the subordinate classes.
In young stands which are thinned when not more than 25 or 30 years
old, many dominant trees can be removed, since the codominant and
intermediate trees of these ages still retain great recuperative power
(Plate IX, A), have approximately the same height as dominant trees,
and straighter, clearer, and better formed stems (Plate XVII). Such
a thinning constitutes a combined thinning and improvement cutting.
A thinning of the dominant trees at this age will remove stems with
coarse knots which would saw out a large amount of low grade lumber,
even after they attained large diameters. (Plate XVI.) It also has
the advantage of yielding some sawlog timber, thus making cutting at an
early age remunerative. On the poorer, and particularly, on the drier,
sites, subsequent thinnings should be made only with the object of fore-

ing the development in diameter of the largest and choicest of the trees .

in the stand. The smaller trees which are crowding the better trees,
which are to form the final stand, should be removed. Thinnings should
be repeated, dependent upon their severity, at intervals of from 5 to 15
years. Frequent and light thinnings are preferable to heavy ones made
at long intervals. The number of trees per acre on the different quality
sites decreases in natural stands at different rates in accordance with
the age of the stand (Table 42). This rate may serve as a guide in
making thinnings at any age. Thinnings are less effective when the
first one is deferred until the stand is 40 or more years old.

Artificial thinnings should be heavier than natural thinnings, but never
so heavy as to leave large openings on all sides of the best trees selected
for the final stand. The trees which are removed in older stands should
be in the intermediate and codominant crown classes. The openings
which are made by removals should be closed before the time of the next
thinning in order to secure some lateral crowding and the clearing of the
stems of branches before they become too stout and horizontal. Since the
development of knots 11/ inches in diameter causes a reduction in grade,
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Crown cover of loblolly pine, Quality II, age 35 years. Crowns small but stems clean.
Stand crowded, in urgent need of thinning to develop larger crowns. (Author’s
illustration.)
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Crown cover of loblolly pine, Quality II, age 35 years.

PLATE XXVII.

Crowns well developed and sym-

metrical. Excellent condition for rapid individual growth. (Author’s illustration.)
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sufficient density should be maintained to prevent the development of
limbs which would make knots of this size on the lower three logs on
Quality I and the lower two logs on Qualities II and III. The sup-
pressed trees need not be removed. They make small demand upon soil
moisture, yet serve a very useful purpose on account of their low crowns
in shading the soil and lessening drying winds. This is particularly
applicable to very dry clay sites; less so to very sandy sites. When
the mature stand is fully developed, it can be removed in one cutting
or in several cuttings made at short intervals.

Notwithstanding that the pure even-aged stands of loblolly pine offer
unexcelled inducements for thinnings made for the purpose of acceler-
ating the growth of the individual tree, no adequate data are available,
either as the result of experience in commercial forests or in experi-
mental plots which show the preferable manner in which thinnings
should be executed, their cost or their effects upon the yield of the stand.
It is believed that by proper thinning the rate of diameter growth of
all trees in a stand can be stimulated well beyond that given in Table 71
for dominant trees. There would not be as many trees per acre on siuch
thinned stands as there are in the dominant class of crowded stands
(Table 42), but the larger volume per tree and the larger amount of
saw timber would more than compensate for the smaller number of
trees. A stand containing 6,000 cubic feet per acre in 60 trees, each of
which will yield 560 board feet (Tables 19 and 21) or 36,000 feet per
acre is far more valuable than one containing 6,000 cubic feet formed
of 100 trees, each containing 300 board feet and yielding 31,000 feet per
acre. Not only is the cost of operation less, there being 50 per cent
more logs to handle in the stand containing the larger number of trees,
but in addition to the larger yield per acre the stumpage of the larger
trees is intrinsically more valuable per unit on account of the larger
proportion of wide stock and high grades it will yield. (Pages 119
to 127.) .

It is possible however to determine approximately the results upon
yield of very intensive thinnings by means of data obtained from fully
stocked unthinned stands. Certain trees in such stands on account of
the fact that they are less crowded and have more growing space have
outstripped all others both in height and diameter. These are the pre-
dominant trees which constitute in the normal unthinned fully stocked
stand from one-fifth to one-fourth of the number of dominant trees.
Not only have they larger diameters than the other dominant trees but
they are also taller. The wide range of diameters of trees in interme-
diate and dominant crown classes which enter into the crown cover
is shown in Table 1. IIad the density of the more crowded portions of
the stand been reduced so that the spacing of all the trees equaled that
of those of the favored predominant class there would have been fewer

11
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trees in the stand but their individual growth should have equaled that
of the predominant trees. Careful measurements have been made to
determine the area of the optimum crown space required for the growth
of dominant trees of different diameters (at different ages) on different
quality sites.- Table 78 gives the crown space of dominant trees and
the distance between trees, while in Table 79 is given the number of
such trees of different diameters which would: occupy an acre without
retarding accretion.

TasLE 78.—CROWN SpacE, DisTANCE BETWEEN TREES AND INDEX OF TOLERANCE OF DOMINANT
TREES or LoBLOLLY PINE oF DIFFERENT DIAMETERS ON DIFFERENT QuALITY SITES.

Quality
Dia-
Dreast ! 4 1
bigh is Crown | Distance | Crown | Distance|
I | = [
toler- toler- toler-
tsogt Feet ance feet Feet ance o3 Feet ance
8 82 10
9 108 12
10 137 13
11 167 15
12 200 16
13 235 17
14 279 19
15 329 20
16 366 22
17 409 23
18 453 24
19 501 25
20 553 27
21 605 28
22 659 29
23 733 31
24 920 34

The trees which enter into the crown cover can be so thinned as to
give each tree the optimum crown space required for that diameter: if
the crown space is less than the optimum (Plate XXVII), although .
there are more trees per acre, the accretion of the individual tree is
retarded ; if it exceeds the optimum the stand is understocked. (Plate
VI, A)

Table 79, to show yield of thinned stand and yield of thinnings, gives
the average diameter of the predominant trees in stands of different
ages on different quality sites; the number of such trees which could
occupy an acre as determined by the areas of their crown spaces; the
total vield of such stands, and the yield of the trees removed in thin-
ning; the full value of the entire stand at different ages, and the value of
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the trees removed in thinnings. In fixing stumpage values for the trees
in the younger stands a deduction has been made from the values given
in Tables 59 to 64 to allow for the difference in age. It is believed, how-
ever, that the stumpage in thinned stands at all ages after the first thin-
ning will be more valuable than that in unthinned stands of the same
age if, as recommended, the roughest dominant trees are removed in the
preliminary thinning and improvement cutting leaving as the basis for
the ultimate mature stand the clean stemmed intermediate and codomi-
nant trees. (Plates XVI; XVII.) On account of the high cost of
making thinnings the stumpage value of the trees removed in making
them has been placed at $2 per 1,000 board feet less than the stumpage
value of the timber in the entire stand.




TABLE 79.—Y1ELD AND VALUE OF Tnmm:p STANDS 0F LOBLOLLY PINE AT DIFFERENT AGES AND TEE AMOUNT AND VALUE OF TIMBER REMOVED IN 'l‘nmmml(a)

l \ Yield per Thinnings made
Average Volume acre of stand at age of
Ageof |, diameter of Number | per tree (c) before each St St stand given AC ate
stand l predormnan'. I of trees thinning value per 1000 vslue per | . ue of
per acre bd. ft., operat- ! Amount Qund_.nd
) ing expenses $13 entire mud(d) Value thinnings
l Inches | Board feet | ' 1 Bd. ft. each (c)
Quality I
25 10.5 280 80 22,400 $2.75 $ 62.00 5,000 $4.00 $ 62.00
30 12.0 217 118 25,000 3.50 87.00 9,600 14.00 91.00
40 15.0 136 230 31,200 5.00 156 .00 8,300 25.00 174.00
50 17.6 100 372 37,200 6.76 251.00 7,400 35.00 204 .00
60 19.8 80 508 40,600 9.35 375.00 10,200 76.00 453.00
80 23.0 60 740 44,400 11.00 488.00 10,400 94.00 642.00
100 25.3 ! 46 940 43,200 11.50 497 00 ...... e - 745.00
Quality II .
30 10.4 238 68 16,200 2.50 40.00 ,000 2.00 40.00
40 12.6 162 126 20,400 3.60 73.00 5,800 9.00 82.00
50 14.7 115 202 23,400 4.50 P 105.00 4,800 12.00 116.00
60 16.5 92 295 27,100 7.50 203.00 5,900 32.00 226.00
80 18.8 72 426 30,700 8.78 268.00 ,200 49.00 323.00
100 21.8 55 650 35,700 10.00 357.00  |icecccececccccoc|ceccccciceioaenn 461.00
Quality III
30 9.6 250 38 9,500 2.00 1900 feeiiieieieaees 19.00
40 1135 160 79 12,900 3.00 39.00 3.00 39.00
50 134 \ 116 14 ) 14,500 3.70 54.00 5.00 57.00
60 15.0 | 92 190 17,500 5.75 101.00 17.00 109.00
80 17.7 | 68 328 ‘ 22,300 7.75 17300  eeeeiaeaees 198.00
(a)The first thinnings presuppose a preliminary improvement cutting and thinning and possibly two such.
(b)The heights of pred nt trees slightly exceed the average of the dominant (Table 13).
(c)By interpolation in table.
(d)Assumed stumpage value $2.00 per thousand feet less than that of stand at same age. The 30-year old stand, Quality III, is tly thinned without profit.

(e)Values per acre are rounded off to the nearest dollar.
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By comparing the values of the thinned stands in Table 79 with those
given for unthinned stands in Table 71 it is seen that thinnings increase
the value of the stands on Qualities I and II. The values of Quality
III stands, however, are reduced. This shows as has been pointed out
in a previous paper* that “the chief value of the thinnings in the older
stands on dry soils is to save the tree which would be lost by dying.
There would be comparatively little accelerated grow},h on this quality
for natural thinning takes place so rapidly that there is no prolonged
crowding to retard the diameter increment of the dominant trees.”
Thinnings, however, add greatly to the value of the stands on good sites,
and if the value of the material saved in the thinnings is taken into con-
sideration they are probably profitable on all sites except the very wet.
(Table 79, last column.) .

It should be understood, however, that the theoretical yields for
thinned stands which are given in Table 79 are obtainable only under
ideal conditions of equal spacing which could not be realized in practice.
The crown space for each tree can not be progressively increased to meet
its requirements; some trees or some sides of certain’trees will at tilnes
invariably be crowded ; while on account of the removal of large interven-
ing crowns some other trees will have too much space. In practice it is
possible to be guided only in a general way by the distance between adja-
cent trees, or by the number of trees per acre. The real guide at all times
of what trees to remove and how heavily to thin must be the interference
of crowns (Plates XI, XIV, XV, XVI, XXVII) and the less promis-
ing trees must be removed here and there where the conditions allow it
to be done without making extremely large openings in the crown cover.
(Plate XXII.)

Mere thinnings can seldom be made on large tracts which are managed
for the production of sawmill timber and require the building of rail-
roads for profitable logging. (Page 137.) Loblolly pine occupies, how-
ever, in pure, even-aged stands a large area of farm forest in thickly
settled communities, either near towns or near factories which assure a
continuous market for cordwood. Such conditions not only render thin-
nings possible and profitable for their influence upon the development of
the mature stand, but in many cases will be financially profitable by
themselves. The farmer, however, can profitably apply intensive meth-
ods of management, which are impossible on large tracts. Under certain
conditions thinnings ecan undoubtedly also be made in stands managed’
for the production of timber for pulp, stave, crate, and heading stock;
or for the production of timber for these uses in connection with the pro-
duction of large sized timber for saw logs.

The gradual felling of the larger trees in the even aged loblolly pine
stands which has been recommended (pages 151 and following) as a

*Management of Loblolly and Shortleaf Pines, Proc. Soc. Am. Foresters, 1910, Page 97.
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tentative method of cutting, that will result in larger yields than clean
cutting, is not thinning. It has the effect of freeing the smaller trees
which on certain sites are stimulated into accelerated growth, but the
ultimate results are very different from those obtained by thinning.
Under gradual felling the merchantable trees are removed while yet of
medium diameter in order to obtain early cuttings. The object of thin-
nings is to obtain timber of large diameters; the removal of the main
stand consequently is deferred.

ARTIFICIAL RESTOCKING.
Gathering of Seed.

Seed should be collected in September or early in October before
heavy frosts have opened the cones. (Plate II.) The cones are fre-
quently still green in September but if the seed are firm they will germi-
nate. Cones can be secured from trees which are being cut where lum-
bering is in progress, and should be taken from dominant, thrifty, mid-
dle-aged, or older trees rather than from young trees or from codominant
or suppressed ones, since not only is the percentage of sound seed higher
from such trees but it is genetically undesirable that the specimens of
poorest growth should be the source of seed. Not less than 50 per cent
of fresh seed from such trees should be germinable. The cones after
sunning until they begin to open should be placed in sacks or loose
barrels in a dry but well ventilated building until they are fully
open, when the seed can be flailed out. To prevent the seed from
mildewing, the sacks or barrels should be occasionally turned,.or the
cones can be stored in shallow trays with bottoms of slats or wire net-
ting, the trays being on racks in an airy chamber so as to secure ven-
tilation.

The seed are flattened, about 14 inch long, nearly black, and are
attached to a shining brown wing 34 inch long. There are about 20,000
cleaned seed to a pound. The price per pound usually varies from $1.50
when bought directly from collectors, to $2.50 if bought from dealers.
The collection of seed should be profitable. It is estimated that two
bushels of unopened cones will yield a pound of seed.

Seedbeds.

Seedbeds should be prepared in fertile, loamy, or mellow soil, prefer-
ably on a rather moist site. The soil is best prepared by cultivating
several times during the year preceding planting. The weed seed can
be killed by burning the soil as is done in preparing tobacco beds. Beds
are usually made 4 or 5 feet wide, the rows being located across the
bed. The seed should be planted in February or March, or, near the
coast, early in autumn, about 14 inch deep in thin rows about 8 inches
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apart. A pound of seed is sufficient to plant 300 feet of drill. The
- seeds sprout in a few weeks and the seedlings should be from 8 to 12
inches high by the end of the first season, when they should be perma-
nently planted. If the bed is located on moist soil or where it receives
partial shade, as in a small clearing in the forest, no shading will be
required. On very dry soil it will be desirable to snade lightly by a
screen made of slats or boughs on a frame 2 or 8 feet above the seedbed.
If the bed is located in the forest a deep trench should be dug around
it to prevent the roots of nearby trees from draining it of moisture. A
liberal application of ashes to the seedbed two or three weeks before
planting and well worked in makes the plants more thrifty and stockier
and gives a more compact and better developed root system. The soil
of the seedbed must not be wet; since this may lead to “damping off”
of the plants when very young. This is a disease caused by a fungus
which may attack and destroy the stem if plants are over-crowded in
seedbeds although so far it has not been known to attack loblolly pine.

Planting.

Loblolly pine reproduces only from seed. Plantations can be started
either by young plants or by direct seeding. Direct seeding is cheaper
and under most conditions is more satisfactory on account of the diffi-
culty of transplanting the young pines. It is desirable to use plants
only on land which is very foul and on which young seedlings might be
smothered. One-year-old wild seedling plants can be used in place
of nursery grown stock. Planting should be done during late winter or
early in the spring. Fall planting, except on wet soils, is not advisable.
Planting is most quickly done by two persons, one making the holes
with a mattock, the other carrying the plants in a box strapped over the
left shoulder. The plant is held upright in the hole with one hand;
the roots are spread out with the other; the earth is drawn up to the
plant with the foot and firmly pressed around it on both sides with the
feet. Every precaution must be taken to prevent the roots of the plants
in the box from drying out; they should, therefore, be kept all the
time covered with a thick wet cloth. It is preferable to puddle the roots
on lifting the plants from the seedbed by dipping them in a thick mud,
so as to coat them thoroughly. On the better soils planting can well be
made 6 by 6 feet; on the poorer, 5 by 5 feet. When the condition of
the surface will permit it, furrows can be laid off with a plow the
desired distance apart, and one man can plant in these furrows without
assistance. On account of the rapidity of its growth it would seldom
be necessary to cultivate a plantation unless on dry and heavy clay soils.

Direct Seeding.

On account of the large proportion of sound seed, the ease of germina-
tion and the hardiness and rapidity of growth of the young plant, direct
seeding succeeds remarkably well. This can be either broadcast sowing
or by seed spot planting.
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Broadcast sowing should be made early in March. If the surface is
very foul with weeds or brush, the larger brush should be cut with axes
or brush hooks in strips early in winter and piled in windrows against
living brush. In early spring, when thoroughly dry, it should be
burned clean and the seed sown after the first rain. From three to four
pounds of seed per acre are required for direct seeding without covering.
If there is a heavy sod, it can be burnt and the ground harrowed with
a disk or tooth harrow before seeding and the seed covered with a
weeder after seeding two or three pounds of seed per acre. On plowed
ground seed should be broadcast at the rate of 1% to 2 pounds to the
acre and covered with a weeder. It is desirable to mix the seed with
one-half bushel of slacked ashes or earth, as is done with turnip seed, in
order to secure a uniform distribution.

Seed spot sowing requires less seed than broadcast. Droppings can be
done either like corn or peas at places 4 by 4 feet, or furrows can be
laid off four feet apart, the seed dropped at distances of 4 feet in the
furrows and lightly covered 1/ to 14 inch with earth. The soil can be
either plowed or unplowed. Plowing is seldom justified. On smooth,
clean, sandy land where there are few bushes, stumps, or little sod, it is
possible to plant with a horse corn or pea-planter, such as the Cole com-
bination planter. A plate with one small hole can be used which will
drop several seed every 4 feet. The seed should be thoroughly mixed
with dry ashes. It is necessary to adjust plow pomt and coverer so that
the seed are covered the necessary depth. On rough soil a hand corn-
planter can be used, adjusted for the small pine seed. If planting is
done by hand the soil should be loosened with a mattock for 6 inches
square and to a depth of 3 to 5 inches and from 10 to 15 seed should
be dropped in each spot and covered not more than one-half inch.
From one to two pounds of seed is ample for seed spot planting. On
most portions of the sandy longleaf pine lands the conditions permit the
use of a planter. Since from 3 to 6 acres of land can be planted in
a day by this means, the planting of these lands in loblolly pine, at a
total cost of planting of $2 to $3 an acre, would be, with adequate pro-
tection from fire, advisable from an investment standpoint. It is nec-
essary in all plantations to furnish absolute protection against fire.

Advisability of Loblolly Pine Planting.

At the present prices of pine stumpage it is possible to grow loblolly
pine in plantations profitably in places where land of good growing
capacity can be purchased cheaply. Plantations should never be made
on land which naturally stocks in pine, since in such a case the cost of
planting adds unnecessary expense. Neither should it be undertaken on
land which has a value greater than $10 an acre. If the land has a
value of $10 an acre and a producing capacity equal to that of upland
old fields of good quality, about Quality, Site TT, and the cost of seed spot
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planting, including seed and labor, does not exceed $3 an acre, the cost
of growing 1,000 board feet of timber under an interest rate of 6 per
cent a year, in an unthinned stand, is as shown in Table 80.

TasLz 80.—CosT Pzr 1,000 Boarp FxET 0¥ GROWING LOBLOLLY PINE IN PLANTATIONS.

Quavrrry II.
Age of | Aocumulated costs on an| : ‘ anue (Jan. 1913)"
& initial investment of $13 Cost of growing B. M. -y o
s oo e | Viohonrd foee | SuRpase e 00| i ‘f’ in
oent & year, oe 0. e ua y o] n
Years value of the land wsoo o
L
30 | $ 64.62 16,000 $4.04 $2.50
| 89.84 21,850 4.10 2.60
40 ‘ 123.77 26,850 4.58 2.85
45 168.88 ¢ 30,850 5.45 3.20

Plantations can be made consequently with an initial investment of
$13 an acre with the expectation of netting at least 5 per cent, com-
pounded, provided there is an increase of $1.50 per 1,000 feet in the
price of stumpage in a stand at 35 years; an increase of $1.75 in a
stand at 40 years old, and an increase of $2.25 in a stand at 45 years.
The increase of $1.50 in 35 years is less than 34 of one per cent a year
on the present value of stumpage per 1,000 feet. The cost of growing
on other quality sites can be easily calculated by means of Table 38.
The present value of stumpage can be approximated from Tables 59 to
64. Tn case stands are thinned the cost of growing is affected as shown
in Table 79.



PUBLICATIONS
OF THE
NORTH CAROLINA GEOLOGICAL AND ECONOMIC SURVEY

BULLETINS.

1. Iron Ores of North Carolina, by Henry B. C. Nitze, 1893. 8°, 239 pp., 20
pl, and map. Owut of print.

2. Building and Ornamental Stones in North Carolina, by T. L. Watson and
F. B. Laney in collaboration with George P. Merrill, 1906. 8°, 283 pp., 32 pl,
2 figs. Postage 25 cents. Cloth-bound copy 30 cents extra.

3. Gold Deposits in North Carolina, by Henry B. C. Nitze and George B.
Hanna, 1896. 8°, 196 pp., 14 pl.,, and map. Out of print.

4. Road Material and Road Construction in North Carolina, by J. A. Holmes
and William Cain, 1893. 8°, 88 pp. Out of print.

6. The Forests, Forest Lands and Forest Products of Eastern North Caro-
lina, by W. W. Ashe, 1894. 8°, 128 pp., 6 pl. Postage 5 cents.

6. The Timber Trees of North Carolina, by Gifford Pinchot and W. W. Ashe,
1897. 8°, 227 pp., 22 pl. Out of print.

7. Forest Fires: Their Destructive Work, Causes and Prevention, by W. W.
Ashe, 1895. 8°, 66 pp., 1 pl. Postage 5 cents.

8. Water-powers in North Carolina, by George F. Swain, Joseph A. Holmes
and E. W. Myers, 1899. 8°, 362 pp., 16 pl. Postage 16 cents.

9. Monazite and Monazite Deposits in North Carolina, by Henry B. C. Nitze,
1896. 8°, 47 pp., 6 pl. Out of print.

10. Gold Mining in North Carolina and other Appalachian States, by Henry
B. C. Nitze and A. J. Wilkins, 1897. 8°, 164 pp., 10 pl. Out of print.

11. Corundum and the Basic Magnesian Rocks of Western North Carolina,
_ by J. Volney Lewis, 1895. 8°, 107 pp., 6 pl. Out of print.

12. History of the Gems Found in North Carolina, by George Frederick
Kunz, 1907. 8°, 60 pp., 156 pl. Postage 8 cents. Cloth-bound copy 30 cents
extra.

13. Clay.Deposits and Clay Industries in North Carolina, by Heinrich Ries,
1897. 8°, 167 pp., 12 pl. Postage 10 cents.

14. The Cultivation of the Diamond-back Terrapin, by R. E. Coker, 1906.
8°, 67 pp., 23 pl, 2 figs. Out of print.

15. Experiments in Oyster Culture in Pamlico Sound, North Carolina, by
Robert E. Coker, 1907. 8°, 74 pp., 17 pl., 11 figs. Postage 6 cents.

16. Shade Trees for North Carolina, by W. W. Ashe, 1908. 8°, 74 pp., 10 pl.,
16 figs. Postage 6 cents. ’

17. Terracing of Farm Lands, by W. W. Ashe, 1908. 8°, 38 pp., 6 pl., 2 figs.
Postage 4 cents.

18. Bibliography of North Carolina Geology, Mineralogy and Geography,
with a list of Maps, by Francis Baker Laney and Katherine Hill Wood, 1909.
8°, 428 pp. Postage 25 cents. Cloth-bound copy 30 cents extra.

. 19. The Tin Deposits of the Carolinas, by Joseph Hyde Pratt and Douglas

B. Sterrett, 1905. 8°, 64 pp., 8 figs. Postage 4 cents.

20. Water-powers of North Carolina: An Appendix to Bulletin 8, 1910. 8°,
383 pp. Postage 25 cents.

21. The Gold Hill Mining District of North Carolina, by Francis Baker
Laney, 1910. 8°, 137 pp., 23 pl., 6 figs. Postage 15 cents.

22. A Report on the Cid Mining District, Davidson County, N. C., by J. E.
Pogue, Jr., 1911. 8°, 144 pp., 22 pl,, 6 figs. Postage 15 cents.

23. Forest Conditions in Western North Carolina, by J. S. Holmes 1911.
8°, 115 pp., 8 pl. Postage 15 cents.
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24. Loblolly or North Carolina Pine, by W. W. Ashe, Forest Inspector, U. S.
Forest Service (and former Forester of the North Carolina Geological and
Economic Survey). Pepared in Codperation with the Forest Service, U. S.
Department of Agriculture, 1914. 8°, 176 pp., 27 plates, 6 figs. Postage
10 cents.

ECONOMIC PAPERS.

1. The Maple sugar Industry in Western North Carolina, by W. W. Ashe,
1897. 8°, 34 pp. Postage 2 cents.

2. Recent Road Legislation in North Carolina, by J. A. Holmes. Out of
print.

3. Talec and Pyrophyllite Deposits in North Carolina, by Joseph Hyde Pratt,
1900. 8°, 29 pp., 2 maps. Postage 2 cents.

4. The Mining Industry in North Carolina During 1900, by Joseph Hyde
Pratt, 1901. 8°, 86 pp., and map. Postage 2 cents.

Tngoel u;.)i in u()}nl:_e d.:etsih(.)ccn'zl-‘relnce; of (tol ulf Silaer. lI;‘ead indﬁzina. Oogger. I‘ll'onﬁ[nngi.n-
Tangsten, Building Stores, and Cosl in North Carolinar " o v Gem Ninerais, Monatite

5. Road Laws of North Carolina, by J. A. Holmes. Out of print.

6. The Mining Industry in North Carolina During 1901, by Joseph Hyde
Pratt, 1902. 8° 102 pp. Postage 4 cents.

Qives a List of Minerals found in North Carolina; describes the Treatment of Sulphuret
Gold Ores, giving localities; takes up the Occurrence of Copper in the Virgilina, Gold Hill,
and Ore Knob districts; gives Occurrence and Uses of Corundum; a List of Garnets. describ-
ing Localities; the Occurrence, Associated Minerals, Uses and Localities of Mica; the Occur-
rence of ‘flortlx Carolina Feldspar, with Analyses; an extended description of North Carolina
Gems and Gem Minerais; Occurrences of Monazite, Barytes, Ocher; describes and gives Oc-
currences of Graphite and Coal; describes and gives Occurrences of ﬁuilding Stones, includin,
Limestone; describes and gives Uses for the various forms of Clay; and under the head
“‘Other Economic Minerals,” describes and gives Occurrences of Chromite, Asbestos and Zircon.

7. Mining Industry in North Carolina During 1902, by Joseph Hyde Pratt,
1903. 8°, 27 pp. Out of print.

8. The Mining Industry in North Carolina During 1903, by Joseph Hyde
Pratt, 1904. 8°, 74 pp. Postage 4 cents.

Gives descriptions of Mines worked for Gold in 1903; descriptions of Properties worked for
Copper during 1903, together with assay of ore from Twin-Edwards Mine; Analyses of Limon-
ite ore from Wilson ‘Mine; the Occurrence of Tin; in some detail the Occurrences of Abrasives;
Occurrences of Monazite and Zircon; Occurrences and Varieties of Graphite, giving Methods
of Oleaning; Occurrences of Marble and other forms of Limestone; Analyses of Kaolin from
Barber Creek, Jackson County, North Carolina.

9. The Mining Industry in North Carolina During 1904, by Joseph Hyde
Pratt, 1906. 8°, 95 pp. Postage 4 cents.

Gives Mines Producinﬁ Gold and Silver during 1903 and 1904 and Sources of the Gold
Produced during 1904; describes the mineral Chromite, giving Analyses of Selected Samples
of Chromite from Mines in Yancey County: describes Commercial Varieties of Mica, giving the
manner in which it occurs in North Caro\inn. Percentage of Mica in the Dikes, Methods of
Mining, Associated Minerals, Localities, Uses; describes the mineral Barytes, giving Method of
Oleaning and Preparing Barytes for Market; describes the use of Monazite as used in connec-
tion with the Preparation of the Bunsen Burner, and goes into the use of Zircon in connection
with the Nernst Lamp, giving a List of the Principal Yttrium Minerals; describes the minerals
containing Corundum (ﬂms, Hiddenite and Other Gem Minerals, and gives New Occurrences
of these Gems; describes the mineral Graphite and gives new Uses for same.

10. Oyster Culture in North Carolina, by Robert E. Coker, 1905. 8°, 39 pp.
Out of print.

11. The Mining Industry in North Carolina During 1905, by Joseph Hyde
Pratt, 1906. 8°, 95 pp. Postage 4 cents.

Describes the mineral Cobalt and the principal minerals that contain Cobalt; Corundum
Localities; Monazite and Zircon in considerable detail, giving Analyses of Thorianite; describes
Tantalum Minerals and gives description of the Tantalum Lamp; gives brief description of
Peat Deposits; the manufacture of Sand-lime Brick; Operations of Concentrating Plant in
Black Sand Investigations; gives Laws Relating to Mines, Coal Mines, Mining, Mineral Inter-
est in Land, Phosphate Rock, Marl Beds.

12. Investigations Relative to the Shad Fisheries of North Carolina, by
John N. Cobb, 1906. 8°, 74 pp., 8 maps. Postage 6 cents.

13. Report of Committee on Fisheries in North Carolina. Compiled by
Joseph Hyde Pratt, 1906. 8°, 78 pp. Out of print.

14. The Mining Industry in North Carolina During 1906, by Joseph Hyde
Pratt, 1907. 8°, 144 pp., 20 pl, and 5 figs. Postage 10 cents.

Under the head of “Recent Ohanges in Gold Mining in North Carolina,” gives methods of
mining, describing Log Washers, S8quare Sets, Cyanide Plants, etc., and detailed descriptions
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of Gold Deposits and Mines are given; Copper Deposits of Swain County are described; Mica
Deposits of western North Oarolina are described, giving distribution and General Character,
General Geology, Occurrence, Associated Minerals, Mining and Treatment of Mica, Origi:
together with a description of many of the mines; Monazite is taken up in considerable detai
as to Location and Occurrence, Geology, including classes of Rocks, Age, Associations, Weath-
ering, method of Mining and dleaninz. description of Monazite in 6ri¢mtl Matrix.

15. The Mining Industry in North Carolina During 1907, by Joseph Hyde

Pratt, 1908. 8°, 176 pp., 13 pl, and 4 figs. Postage 15 cents,.
Takes up in detail the Copper of the Gold Hill CopI)er District; ‘a description of the Uses

of Monazite and its Associated Minerals; descriptions of Ruby, Emerald, Beryl, Hiddenite, and
Amethyst Localities; a detailed description with Analyses of the Principal Mineral Springs of
North Carolina; a &escription of the Peat Formations in North Carolina, together with a de-
tailed account of the Uses of Peat and the Results of an Experiment Conducted by the United
States Geological Survey on Peat from Elizabeth City, North Carolina. .
16. Report of Convention called by Governor R. B. Glenn to Investigate the
Fishing Industries in North Carolina, compiled by Joseph Hyde Pratt, State
Geologist, 1908. 8°, 45 pp. Out of print.

17. Proceedings of Drainage Convention held at New Bern, North Carolina,
September 9, 1908. Compiled by Joseph Hyde Pratt, 1908. 8°, 94 pp. Out of
print.

18. Proceedings of Second Annual Drainage Convention held at New Bern,
North Carolina, November 11 and 12, 1809, compiled by Joseph Hyde Pratt,
and containing North Carolina Drainage Law, 1909. 8°, 560 pp. Out of print.

19. Forest Fires in North Carolina During 1909, by J. S. Holmes, Forester,
1910. 8°, 52 pp., 9 pl. Out of print.

20. Wood-using Industries of North Carolina, by Roger E. Simmons, under
the direction of J. S. Holmes and H. S. Sackett, 1910. 8°, 74 pp., 6 pl.
Postage 7 cents.

21. Proceedings of the Third Annual Drainage Convention, held under
Auspices of the North Carolina Drainage Association; and the North Carolina
Dralnage Law (codified). Compiled by Joseph Hyde Pratt, 1911. 8°, 67 pp.,
3 pl. Out of print.

22, Forest Fires in North Carolina During 1910, b J. S. Holmes, Forester,
1911. 8°, 48 pp. Out of print.

23. Mining Industry in North Carolina During 1908, ’09, and ’10, by Joseph
Hyde Pratt and Miss H. M. Berry, 1911. 8°, 134 pp., 1 pl., 27 figs. Postage
10 cents.

Gives report on Virgilina Copper District of Narth Carolina and Virginia, by F. B. Laney;
Detailed report on Mica Deposits of North Carolina, by Douglas B. Sterrett; Detailed reélort
on Monazite, by Douglas B. Sterrett; Reports on various Gem Minerals, by Douglas B. Ster-
rett; Information and Analyses concern certain Mineral Springs; Extract from Chance
Report of the Dan River and Deep River %oal Fields; Some notes on the Peat Industry, by
Professor Charles A. Davis; Extract from report of Arthur Keith on the Nantahala Marble;
Description of the manufacture of Sand-lime Brick

24. Fishing Industry of North Carolina, by Joseph Hyde Pratt, 1911. 8°, 44
pp. Out of print.

25. Proceedings of Second Annual Convention of the North Carolina For-
estry Association, held at Raleigh, North Carolina, February 21, 1912. Forest
Fires in North Carolina During 1911. Suggested Forestry Legislation. Com-
piled by J. S. Holmes, Forester, 1912. 8° 71 pp. Postage § cents.

26. Proceedings of Fourth Annual Drainage Convention, held at Elizabeth
City, North Carolina, November 15 and 16, 1911, compiled by Joseph Hyde
Pratt, State Geologist, 1912. 8°, 46 pp. Postage 3 cents.

27. Highway Work in North Carolina, containing a Statistical Report of
Road Work during 1911 by Joseph Hyde Pratt, State Geologist, and Miss
H. M. Berry, Secretary, 1912. 8°, 145 pp., 11 figs. Postage 10 cents.

28. Culverts and Small Bridges for Country Roads in North Carolina, by
C. R. Thomas and T. F. Hickerson, 1912. 8° 56 pp., 14 figs,, 20 pl. Postage
10 cents.

29. Report of the Fisheries Convention held at New Bern, N. C., December
13, 1911, compiled by Joseph Hyde Pratt, State Geologist, together with a
Compendium of the Stenographic Notes of the Meetings Held on the Two
trips takgn by the Legislative Fish Committee Appointed by the General As-
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sembly of 1909, and the Legislation Recommended by this Committee, 1912,
8°, 302 pp. Postage 15 cents. )

30. Proceedings of the Annual Convention of the North Carolina Good
Roads Association held at Charlotte, N. C., August 1 and 2, 1912, in Codpera-
tion with the North Carolina Geological and Economic Survey. Compiled
by Joseph Hyde Pratt, State Geologist, and Miss H. M. Berry, Secretary,
1912, 8°, 109 pp. Postage 10 cents. .

31. Proceedings of Fifth Annual Drainage Convention held at Raleigh,
N. C, November 26 and 27, 1912, Compiled by Joseph Hyde Pratt, State
Geologist. 8°, 66 pp., 6 pl. Postage 5 cents.

32. Public Roads are Public Necessities, by Joseph Hyde Pratt, State
Geologist, 1913. 8°, 62 pp. Postage 5 cents.

33. Forest Fires in North Carolina during 1912 and National and Associa-
tion Cooperative Fire Control, by J. S. Holmes, Forester, 1913. 8° 63 pp.
Postage 5 cents.

34. Mining Industry in North Carolina during 1911-12, by Joseph Hyde
Pratt, State Geologist, 1914. 8°, 314 pp., 23 pl,, 12 figs. Postage 30 cents.

Gives detailed report on Gold Mining in various counties with special report on Metal-
lurgical Processes used at the Iola Mine, by Claud Hafer; description of a Oyanide Mill,

ercy Barbour; The new Milling Process for treating North Carolina Siliceous Gold Ores
at the Montgomery Mine, including a description of the Uwarrie Mining Company’s Plant;
notes on the Oarter Mine, Montgomery County, I‘Vg Claud Hafer: also a ducrir on of the
Howie Mine and its mill; a detailed report on the Coggins (Appalachian) Gold Mine, by
Joseph Hyde Pratt; a list of gems and gem minerals occurring in the United States; special
descriptions of Localities where the *Amethyst, Beryl, Emeralg. and Quartz Gems Occur as
taken from United States Geological Survey Report by Douglas B. Sterrett; a report on the
Dan River Coal Field, by R. W. Stone, as reprinted from Bulletin 471-B of the United States
Geological Survey; a special report on Graphite, by Edson 8. Bastin and reprinted from Min-
eral Resources of United States for 1912; a special report on Asbestos describing both the
Amphibole and Chrysotile varieties; a report on the Mount Airy Granite Quarry; special report
on 8and and Gravel, giving Uses, Definitions of Various Sands, etc.; the portion of a Bulletin
on Feldspar and Kaolin of the United States Bureau of Mines, which relates to North Carolina,
and which takes up in detail Occurrences, Methods of Mining, and Descriptions of Localities
of Feldspar and Kaolin mines in North Carolina, prepared by Mr, A. 8. Watts. In this Eco-
nomic Paper are also given the names and addresses of Producers of the various minerals
during the years covered by t§e report.

86. Good Roads Days, November 5th and 6th, 1913, compiled by Joseph
Hyde Pratt, State Geologist, and Miss H. M. Berry, Secretary. 8° 102 pp,,
11 pl. Postage 10 cents.

36. Proceedings of the North Carolina Good Roads Assocliation, held at
Morehead City, N. C., July 31st and August 1st, 1913. In Codperation with the
North Carolina Geological and Economic Survey.—Statistical Report of
Highway Work in North Carolina during 1912. Compiled by Joseph Hyde
Pratt, State Geologist, and Miss H. M. Berry, Secretary. 8°, 127 pp., 7 figs.
Postage 10 cents.

37. Forest Fires in North Carolina During 1913 and a Summary of State
Forest Fire Prevention in the United States, by J. S. Holmes, Forester, 1914.
8°, 82 pp. Postage 8 cents. !

38. Forms covering the Organization of Drainage Districts under the North
Carolina Drainage Law, Chapter 442, Public Laws of 1909, and Amendments.
And Forms for Minutes of Board of Drainage Commissioners covering the
Organization of the Board up to and Including the Issuing of the Drainage
Bonds. Compiled by Geo. R. Boyd, Drainage Engineer, 1914. 8°, 133 pp.
Postage 10 cents.

39. Proceedings of the Good Roads Institute held at the University of North
Carolina, March 17-19, 1914. Held under the auspices of the Departments of
Civil and Highway Engineering of the University of North Carolina and
The North Carolina Geological and Economic Survey, 1914. 8°, 117 pp.,
16 figs., 4 pl. Postage 10 cents. .

VOLUMES,

Vol. I. Corundum and the Basic Magnesian Rocks in Western North Caro-
lina, by Joseph Hyde Pratt and J. Volney Lewis, 1905. 8°, 464 pp., 44 pl,
36 figs. Postage 32 cents. Cloth-bound copy 30 cents extra.

Vol. II. Fishes of North Carolina, by H. M. Smith, 1907. 8°, 453 pp., 21
pl., 188 figs. Postage 30 cents.
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Vol. II1. The Coastal Plain Deposits of North Carolina, by William Bullock
Clark, Benjamin L. Miller, L. W. Stephenson, B. L. Johnson and Horatio N.
Parker, 1912. 8°, 609 pp., 62 pl,, 21 figs. Postage 35 cents.

Pt. 1.—The Physiography and Geology of the Coastal Plain of North Carolina, by Wm.
Bullock Clark, Benjamin L. Miller, and L. W. Stephenson.

Pt. I1.—The Water Resources of the Coastal Plain of North Carolina, by L. W. Steph-
enson and B. L. Johnson.

Vol. IV. Birds of North Carolina. In press. !

BIENNIAL REPORTS.

First Biennial Report, 1891-1892, J. A. Holmes, State Geologist, 1893. 8°,
111 pp., 12 pl., 2 figs. Postage 6 cents.
Administrative report, giving Object and Organization of the Survey; Investigations of

Iron Ores, Building Stone, Geological Work in Coastal Plain Region, including m‘fﬂiu of
drinking waters in eastern counties, Report on Forests and Forest roductl. Coal an arble,

Investigations of Diamond Drill

Biennial Report 1893-1894, J. A. Holmes, State Geologist, 1894. 8° 15 pp.
Postage 1 cent. :

Administrative report.

Biennial Report, 1895-1896, J. A. Holmes, State Geologist, 1896. 8°, 17 pp.
Postage 1 cent. .

Administrative report.

Biennial Report, 1897-1898, J. A. Holmes, State Geologst, 1898. 8°, 28 pp.
Postage 2 cents.

Administrative report.

Biennial Report, 1899-1900, J. A. Holmes, State Geologist, 1900. 8°, 20 pp.
Postage 2 cents.

Administrative report.

Biennial Report 1901-1902, J. A. Holmes, State Geologist, 1902. 8°, 16 pp.
Postage 1 cent.

Administrative report.

Biennial Report, 1903-1904, J. A. Holmes, State Geologist, 1905. 8°, 32 pp.
Postage 2 cents.

Administrative report. .

Biennial Report, 19056-1906, Joseph Hyde Pratt, State Geologist, 1907. 8°, 60
pp. Postage 3 cents.

Administrative report; report on certain swamp lands belonging to the State, by W. W.
Ashe; it also gives certain magnetic observations at North Carolina stations.

Biennial Report, 1907-1908, Joseph Hyde Pratt, State Geologist, 1908. 8°,
60 pp., 2 pl. Postage 5 cents.

Administrative report. Contains Special rt on an examination of the Sand Banks
along the North Carolina Coast, by Jay F. Bond, Forest Assistant, United States Forest Serv-
ice; certain magnetic observations at North Oarolina stations; Results of an Investigation
Relating to Olam Cultivation, by Howard E. Enders of Purdue University.

Biennial Report 1909-1910, Joseph Hyde Pratt, State Geologist, 1911. 8°,
162 pp. Postage 10 cents.

Administrative report, and contains Agreements for Cooperation in Statistical Work, and
Topographical and Traverse Ma%aing Work with the Uni States Geological Survey: Forest
Work with the United States Department of Agriculture (Forest Service); List of Topo-
graphic maps of North Carolina and counties partly or wholly topoguphical'l mapped; de-
scription of special. Highways in North QOarolina; suggested Road Legislation; list of Drainage
Districts and Results of Third Annual Drainage Convention: Forestry reports relating to
Connolly Tract, Buncombe County and Transylvania County State Farms; certain Watersheds;
Reforestation of Cut-over and Abandoned Farm Lands on the Woodlands of the Salem Acad-
emy and College; R dati for the Artificial Regeneration of Longleaf Pine at Pine-
hurst; Act regulating the use of and for the Protection of Meridian Monuments and Standards
of Measure at the several county seats of North Carolina; list of Magnetic Declinations at the
county seats, January 1, 1910; letter of Fish Commissioner of the United States Bureau of
Fisheries_relating to the conditions of the North Carolina fish industries; report of the Survey
for the North Carolina Fish Commission referring to dutch or pound-net fishing in Albemarle
and Croatan sounds and Chowan River, by Gilbert T. Rude, of the United States Coast and
Geodetic Survey: Historical Sketch of the several North Carolina Geological Surveys, with
list of publications of each.

Biennial Report, 1911-1912, Joseph Hyde Pratt, State Geologist, 1913. 8°,
118 pp. Postage 7 cents.

Administrative report, and contains reports on_method of construction and estimate of cost
of road improvement in Stantonsburg Township, Wilson County; report on road conditions in
Lee County; report on preliminary location of section of Spartanburg-Hendersonville Highway
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between Tryon and Tuxedo; report of road work done by U. 8. Office of Public Roads during
biennial period; experiments with glutrin on the sand-clay road; report on Central Highway,
giving Act establishing and report of trip over t'': Highway; suggested road legisiation;
report on the Asheville City watershed; report on .ne Struan property at Arden, Buncombe
County; report on the woodlands on the farm of Dr. J. W. Kilgore, Iredell County; report on
examination of the woodlands on the Berry place, Orange County; report on the forest prop-
erty of Miss Julia A. Thorne, Asheboro, Randolph County; report on the examination of the
forest lands of the Butters Lumber Company, Columbus County; proposed forestry legislation;
swamp lands and drainage, giving drainage districts: suggested drainage legislation; propoleoi
Fisheries Commission bil

Biennial Report, 1'913-1914, Joseph Hyde Pratt, State Geologist, 1915. 8°,
190 pp. Postage 14 cents.

Samples of any mineral found in the State may be sent to the office of the
Geological and Economic Survey for identification, and the same will be clas-
sified free of charge. It must be understood, however, that No ASsAYS OR
QUANTITATIVE DETERMINATIONS WILL BE MADE. Samples should be in a lump
form if possible, and marked plainly on outside of package with name of
sender, postoffice address, etc.; a letter should accompany sample and stamp
should be enclosed for reply.

These publications are mailed to libraries and to individuals who may
desire information on any of the special subjects named, free of charge, except
that in each case applicants for the reports should forward the amount of
postage needed, as indicated above, for mailing the bulletins desired, to the
State Geologist, Ohapel Hill, N. O. .





